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FOREWORD 

The tests descr ibed h e r e i n  were conducted under 
NASA Apollo c o n t r a c t  NAS 9-150, dur ing  the per iod  
from March 1 5  t o  March 19, 1962. 

T h i s  r e p o r t  was prepared by C. L. Berthold of  
the Wind Tunnel P r o j e c t s  Group, Los Angeles Divis ion 
of North American Aviation, Inc .  

E. C. Allen - Supervisor  
Wind Tunnel Tes t ,  S . I .D .  
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ABSTRACT 

T h i s  r e p o r t  p re sen t s  dynamic s t a b i l i t y  data 
from tests of command module conf igu ra t ions  of a 
0.055-scale Apollo model (FD-2) i n  the high Mach 
number test s e c t i o n  of  the Langley Unitary Plan 
Wind Tunnel. Tes ts  were conducted from 2.4 t o  
4.65 Mach number and a t  ang le s  of  attack near  
proposed f l i g h t  a t t i t u d e s .  

The dynamic s t a b i l i t y  parameters are pre- 
sen ted  as standard NASA c o e f f i c i e n t s  i n  both 
t a b u l a r  and p l o t t e d  form f o r  a l l  conf igu ra t ions  
tested. I n  addi t ion ,  tunnel  ope ra t ing  condi t ions ,  
conf igu ra t ion  desc r ip t ion ,  computation equat ions,  
t a b u l a r  data i d e n t i f y i n g  key and t y p i c a l  s c h l i e r e n  
photographs are included. 
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I. INTRODUCTION 

Dynamic s t a b i l i t y  tests were conducted on 0.055-scale 
Apollo (FD-2) models i n  t h e  high speed tes t  s e c t i o n  of the  
4 f t .  x 4 f t .  Langley Unitary Plan Wind Tunnel from 
March 15, 1962 t o  March 19, 1962. Dynamic s t a b i l i t y  para- 
meters were obtained f o r  command module e n t r y  and launch 
escape conf igura t ions  w i t h  o s c i l l a t i o n  i n  p i t c h  and f o r  
t h e  e n t r y  conf igura t ion  only wi th  o s c i l l a t i o n  i n  yaw. 

Mach number f o r  each conf igura t ion  a t  ang le s  of a t tack  near  
proposed f l i g h t  a t t i t u d e s .  Runs were made t o  i n v e s t i g a t e  
the effect  of Reynolds number a t  seve ra l  d i f f e r e n t  Mach 
numbers on, p r imar i ly ,  t h e  e n t r y  conf igura t ion .  Reynolds 
numbers, based on t h e  m ximum model diameter, va r i ed  from 

were measured dur ing  forced o s c i l l a t i o n  of the model i n  
p i t c h  o r  yaw over  an amplitude of approximately + 2 O  about 
t h e  o s c i l l a t i o n  cen te r .  

The tests were conducted a t  2.40, 2.98, 3.96 and 4.65 

1.05 x 106 t o  3.39 x 10 8 . A l l  dynamic s t a b i l i t y  d e r i v a t i v e s  
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11. REMARKS 

Severa l  techniques are c u r r e n t l y  a v a i l a b l e  f o r  measur- 
i n g  dynamic s t a b i l i t y  d e r i v a t i v e s  of models i n  wind tunnels .  
T h i s  tes t  was performed u t i l i z i n g  what has been termed the 
inexorable  method i n  which the model i s  mechanically forced 
t o  o s c i l l a t e  i n  a s i n g l e  degree of freedom a t  known angular  
frequency and amplitude whi l e  measurements are made of the 
moment r equ i r ed  t o  s u s t a i n  t h e  motion. 

The support  and a t t ached  model were forced  t o  perform 
a constant-amplitude,  e s s e n t i a l l y  s inuso ida l  motion about 
the o s c i l l a t i o n  a x i s  by a mechanical sco tch  yoke and crank 
arrangement. The crank was connected by a d r i v e s h a f t  t o  an  
e l e c t r i c  motor mounted i n  the downstream end of the  s t i n g  
and the d r i v e  motor speed was set  a t  var ious cons tan t  values  
t o  provide a range of o s c i l l a t i n g  frequencies .  
maximum accuracy, most t e s t  p o i n t s  were recorded at  or near  
the n a t u r a l  frequency of t h e  o s c i l l a t i n g  model system). 

(For  

Springs of d i f f e r e n t  s t i f f n e s s  were provided t o  cover 
a range o f  resonant  f requencies  w i t h i n  t h e  range of opera- 
t i n g  f requencies .  These sp r ings  were equipped w i t h  c a l i -  
brated s t r a i n  gages t o  provide a s i g n a l  propor t iona l  t o  t h e  
displacement.  

A st i f f  s t r a i n  gage beam, l oca t ed  between the  model 
mounting p o i n t  and t h e  p ivo t  a x i s ,  gave a s i g n a l  propor- 
t i o n a l  t o  the moment appl ied  t o  o s c i l l a t e  t h e  model. It 
was l o c a t e d  so as t o  be uninfluenced by any  f r i c t i o n  or 
mechanical p l ay  i n  the system. 

The model was r i g i d l y  forced  t o  o s c i l l a t e  wi th  a n  
ampli tude of  approximately 22" a t  known angular  frequency 
and the p i v o t  a x i s  could be r o t a t e d  go", t he re fo re ,  t e s t a  
could be made w i t h  t h e  model o s c i l l a t i n g  i n  p i t c h  o r  yaw. 

By r e s o l v i n g  the moment and amplitude func t ions  i n t o  
or thogonal  components the r e s u l t a n t  app l i ed  moment and 
displacement and the phase angle  between them may be found. 
With the  known o s c i l l a t i o n  frequency, the aerodynamic- 
damping and o s c i l l a t o r y - s t a b i l i t y  moments can be computed. 

_ -  
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11. REMARKS - continued 

The t a b u l a r  and p l o t t e d  data are presented i n  
Appendices A and B i n  NASA s tandard  c o e f f i c i e n t  form 
referred t o  the body system of  axes o r i g i n a t i n g  a t  the  
o s c i l l a t i o n  cen te r .  Dynamic s t a b i l i t y  parameters are 
u t i l i z e d  t o  i n d i c a t e  aerodynamic damping-in-pitch 

C m q  + Cm& ) o s c i l l a t o r y  l o n g i t u d i n a l  s t a b i l i t y  ul 
[Cmm - &2Cm$), and t h e  reduced frequency parameter (7) 
f o r  t es t s  w t h  o s c i l l a t i o n s  i n  p i t c h  f o r  the  en t ry ,  
launch escape (2  conf ig . ) ,  and command module e x i t  con- 
f i g u r a t i o n s .  In  add i t ion ,  c o e f f i c i e n t s  are given f o r  aero- 
dynamic damping-in-yaw (Cnr - 
d i r e c t i o n a l  s t a b i l i t y k g  cos 24 &*Cnp and the reduced 
frequency parameter ( 
only,with o s c i l l a t i o n s  i n  yaw. The p l o t t e d  data p r e s e n t s  
these parameters as a func t ion  of ang le  of a t t a c k .  

cos  a], o s c i l l a t o r y  

) f o r  the e n t r y  conf igura t ion  

Each conf igura t ion  was tested a t  Mach numbers of 2.40, 
2.98, 3.96 and 4.65 a t  angles  of a t t a c k  near  the proposed 
f l i g h t  a t t i t u d e s .  
were: Command Module ( en t ry )  134 t o  158O, Command Module 
(ex i t )  -16" t o  + 8 O ,  Launch Escape Configuration +8" t o  -8'. 
The major i ty  of  data was recorded a t  nominal 2' increments 
of se t  a n g l e  of a t t a c k  throughout these ranges while the 
model was being r i g i d l y  forced t o  o s c i l l a t e  +2' i n  p i t c h  
about t he  set angle .  I n  a d d i t i o n  the model was forced t o  
o s c i l l a t e  i n  yaw (52') during one Mach number series f o r  
t h e  e n t r y  conf igura t ion .  Smaller increments of se t  ang le  
of a t t a c k  were used i n  a r e a s  where large changes i n  
s t a b i l i t y  parameters were observed. 

The nominal ang le s  of attack ranges 

The launch escape system was tested w i t h  two rocket  
motor conf igu ra t ions  ( t o r o i d  t anks  on and o f f )  throughout 
the s tandard  Mach No. range. A l i m i t e d  Reynolds No. in -  
v e s t i g a t i o n  was conducted on the  command module i n  e n t r y  
a t t i t u d e  and w i t h  the launch escape system al though power 
l i m i t a t i o n s ,  imposed by a d e f e c t i v e  compressor coupling, 
prevented a t ta inment  of  a wider range of values .  

Erroneous data, due t o  i n t e r f e r e n c e  from shock wave 
r e f l e c t i o n  on the  model from the  tunnel  walls, have been 
d e l e t e d  from the tabula ted  sheets and e l imina ted  from the  
p l o t s .  

- 3- 
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111. MODEL DESCRIPTION 

A.  General 

The FD-2 Dynamic S t a b i l i t y  Model tested i n  t h e  
high speed tes t  s e c t i o n  of the Langley Unitary Plan 
Wind Tunnel from March 15 t o  March 19, 1962 was a 
0.055-scale r e p r e s e n t a t i o n  of the c u r r e n t  Apollo com- 
mand module and launch escape system conf igu ra t ions .  

The conf igura t ions  tested were aerodynamically 
smooth f o r  a l l  test  condi t ions .  Lightweight materials 
were u t i l i z e d  i n  cons t ruc t ion  of  the model, t o  reduce 
moment-of-inertia e f f e c t s ,  whenever c o n s i s t e n t  w i th  
the s t r u c t u r a l  i n t e g r i t y  as established i n  Reference 
(a ) .  
a l l o y  (7075-T6), escape tower of  Armco s tee l  (17-4 PH 
SST) and escape rocket  of magnesium (QQ-M-31). 

The o s c i l l a t i o n  axis was l o c a t e d  as  c l o s e  as 
p o s s i b l e  t o  the cen te r  of g r a v i t y  of  the  f u l l  s c a l e  
Apollo veh ic l e  wi th in  the phys ica l  l i m i t s  imposed by 
the model s i z e ,  chosen t o  avoid r e f l e c t e d  shock waves, 
and the balance dimensions. 

The command modules were cons t ruc ted  of  aluminum 

The models were s t i n g  mounted w i t h  the balance 
contained w i t h i n  t h e  model t o  minimize support  i n t e r -  
fe rence .  To al low p i t ch ing  through angles  of a t t a c k  
near  the proposed f l i g h t  a t t i t u d e s ,  the models were 
cons t ruc ted  so that  the  module axis of  symmetry and 
balance c e n t e r  l i n e  formed an angle  of 30" f o r  the  
e n t r y  conf igu ra t ion  and 8" f o r  the launch escape 
system. 

-4- 

S ID-  62 - 536 



: ., 
I 
r 

1 

A--1 
I ,” 

I 

, 

.- 

- e  
“Q 



PAGE 5 

i 

I 



- - t  6 

e eee 

+ zec 

T 
YC' 

C' 

I 



SID -62-536 

PACE -6 

" - .  
.. 

7 

1712 I -0I05f 



N O R T H  A M E R I C A N  AVIATION,  INC.  SPACE and INFORMATION SYSTEMS DIVISION 

111. MODEL DESCRIPTION - continued 

B. Nomenclature 

Dimensions 
Full Scale  

- E, Escape Rocket Motor (7121-01058-5) 

Total  Length ( including j e t t i s o n  motor) 248.40 i n .  
Diameter of Escape Rocket 26.00 i n .  
Diameter of Escape Rocket Base 47.00 i n .  
S k i r t  Flare Angle 30.00' 
Nose Radius 5.20 i n .  Toroid Tanks-located fwd. of flared s k i r t  
Diameter of Sect ion of  Fwd. Tank 5.02 i n .  
Diameter of Sect ion of A f t  Tank 9.02 i n .  

J e t t i s o n  Motor-located a f t  of  rocket  motor 
Length of J e t t i s o n  Motor 69.50 i n .  
Diameter of J e t t i s o n  Motor 8.00 i n .  
T n f i - 4  m f i m  M h t m ~ - m m " " l  A hY* t L e 1 0  ----I v k w w ~ ~ ~ ~ ~  A I W U W A  L I W ~ L . A G  GAA-CC, a i A & A c  

-I- n n O  
A( . V V  

E4, Same as "E" except no t o r o i d  tanks  - 
- T12, Escape Tower S t ruc tu re  (7121-01058-4) 

Total  Length 175.00 i n .  
Number of Longitudinal Members 4 
Diameter of Longitudinal Members 2.84 i n .  
Diameter of Cross Braces 2.29 i n .  
Distance Between Attachment Poin ts  53.45 i n .  

- C, Command Module (7121-01059) 

Maximum Diameter 
Radius of Spherical Blunt End 
Corner Radius 
Nose Cone Semi-angle 
Nose Cone Vertex Radius 

154.00 i n .  
184.80 i n .  

7.58 in .  
33. 00' 
15.40 i n .  

-7- 
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IV. TEST PROCEDURE 

A. T e s t  Nomenclature 

A 

1 maximum body diameter, f t .  

maximum cross-sect ional  area, sq. f t . , F  rcRE 

qw free stream dynamic pressure,  lb/sq. f t .  

a: angle of attack of model c e n t e r  l i n e ,  deg. o r  rad ians  

& 
v free stream veloc i ty ,  ft/sec. 

W 

rate of  change of angle  of attack, radians/sec.  

angular  frequency of o s c i l l a t i o n ,  radians/sec . 
K reduced frequency parameter, ua 

/I R Reynolds number baseci on XI 

q angular  ve loc i ty  i n  p i t ch ,  radians/sec.  

Q rate of  change of p i t ch ing  angular  ve loc i ty ,  radians/sec.  

r angular  v e l o c i t y  i n  yaw, radians/sec.  

i, 

6 
6 
Cm pitching-moment c o e f f i c i e n t ,  P i tch ing  Moment 

rate of change of yawing angular  ve loc i ty ,  radians/sec.  

angle  of s ides l ip  of model c e n t e r  l i n e ,  rad ians  

rate of change of angle of s ides l ip ,  radians/sec.  

qw AA 

Cn yawing-moment, c o e f f i c i e n t ,  

I moment of i n e r t i a ,  slug-& 

Note: A dot above a symbol r ep resen t s  the d e r i v a t i v e  
with respect t o  time 

-a- 
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N. TEST PROCEDURE - continued 

A. T e s t  Nomenclature - continued 

The data presented  are referred t o  the  body system 
of axes and a l l  moments are referred t o  the i n t e r s e c t i o n  
of the  o s c i l l a t i o n  axes.  Additional c o e f f i c i e n t s  and 
symbols used i n  the equat ions f o r  data reduct ion  are 
def ined  as fol lows:  

C system damping moment, in-lb/radian 

K system sp r ing  cons tan t ,  in-lb/radian 

Caero = Crun - Ctare where Ctare = cons tan t  

(K-Im2)aero = (K-Iw2)run - (K-I02)tare  

For data of type 2 ( o s c i l l a t i o n  i n  p i t c h ,  wingless  
bodies)  

a=  0.7058 f t .  

For datd of type 4 ( o s c i l l a t i o n  i n  yaw, wingless 
bodies)  

I 
a 
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I V .  TEST PROCEDURE - continued 

A.  T e s t  Nomenclature - continued 

g,= 0.7pM2 

P = Stagnat ion  p res su re  
(1 + .2Mq34 

V = (49.0236)*dTt M 
(1 + . 2 M Z ) l / ’ r  (where T t  i s  tunnel  to ta l  

temperature i n  O R )  

Reynolds number = 2 1  q, /!V (where&= v i s c o s i t y ,  
l b - sec . ,  
ft’r 

-10- 
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N O R T H  A M E R I C A N  A V I A T I O h ,  I N C .  SPACE and INFORMATION SYSTEMS DIVISION 

I V .  TEST PROCEDURE - continued 

B. Model I n s t a l l a t i o n  

The PD-2 model was i n s t a l l e d  on the NASA 1600 in- lb .  
dynamic p i t c h  balance (Dwg. 401896) which was mounted on 
a straight s t i n g  conta in ing  the  o s c i l l a t i n g  mechanism. 
The d r i v e  motor, c l u t c h  r e so lve r s ,  and frequency genera- 
t o r  were a l l  contained i n  the downstream end of the s t i n g  
which was s t i f f e n e d  t o  provide a resonant  frequency above 
the maximum o s c i l l a t i n g  frequency of t h e  model. The 
o s c i l l a t i n g  mechanism was designed t o  provide maximum 
s t i f f n e s s  of a l l  d r i v e  linkages so that the model 
responded only t o  the e s s e n t i a l l y  s inuso ida l  f o r c i n g  
inpu t  of the  crank and Scotch yoke. 

The models were mounted so that  the  s t i n g  c e n t e r  
l i n e  and command module a x i s  of  symmetry formed an  
angle  of  30" f o r  the e n t r y  conf igu ra t ion  and 8" f o r  the 
launch escape conf igura t ion  t o  a l low tes t ing  through 
ang le s  of a t t a c k  of 134" t o  158" and -16 t o  +8' 
r e spec t ive ly .  The Unitary tunne l s  bas i c  s t ing-type 
support  system, which i s  mounted on a hor i zon ta l  support  
s t r u t  extending from wall t o  wall, allowed the  model t o  
be t r ave r sed  a c r o s s  the tunnel  t o  minimize i n t e r f e r e n c e  
from reflected shock waves on the model a t  higher ang le s  
of a t t a c k .  

C. Instrumentat ion 

used t o  measure the moment and displacement func t ions  as 
the model was mechanically forced  t o  o s c i l l a t e  i n  a 
s i n g l e  degree of freedom. 

The NASA 1600 i n . - l b .  dynamic p i t c h  balance w a s  

I n  opera t ion  of the system, calibrated outputs  of  
the moment and displacement s t r a i n  gages are passed 
through coupled e l e c t r i c a l  s ine-cosine r e s o l v e r s  which 
r o t a t e  a t  the frequency of o s c i l l a t i o n .  The r e s o l v e r s  
transformed the outputs  i n t o  orthogonal components from 
which the r e s u l t a n t  a p p l i e d  moment and displacement and 
the phase ang le  between them were found. With the known 
o s c i l l a t i o n  frequency, the aerodynamic-damping and o s c i l -  
lator$ s t a b i l i t y  moments were then computed. 

All data were computed on a remotely loca ted  IBM 
7090 computer. - 

-11- 
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I V .  TEST PROCEDURE 

D. Data Reduction Constants 

A l l  data were reduced and presented  i n  s tandard  
NASA c o e f f i c i e n t  form referred t o  the  body system of 
axes  o r i g i n a t i n g  a t  the o s c i l l a t i o n  c e n t e r .  

Reference area = A = 0,3912 f t . 2  

Reference l e n g t h  = 1 = 0.7058 f t .  ( D i a m . )  

-12- 
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A .  TABULATED DATA FORMAT 

Column 
Heading 

PR J P ro jec t  No. From p r o j e c t  No. 349 of LUPWT. 

Item Def in i t ion  o r  Remarks - 

RUN Run No. 

POINT Point  No. 

Each Mach number considered 
separate run. 

Sequence i n  which data were 
taken. 

cow Configuration No. 1. Command Module, e n t r y  (C) 
3. Command Module, exi t  ( C )  
2. Launch Escape Config., 

t o r o i d  tanks on ( E T C )  
12. Launch Escape Config., 

t o r o i d  tanks o f f  (E4TC) 

T 

B 

Q 

V 

RN 

TP 

MACH 

Type of Data 

Batch No. 

Dynamic Pressure 

Velocity 

Reynolds No. 

-- 

2. Wingless body i n  p i t c h  
4. Wingless body i n  yaw 

This number des igna tes  a 
group of data which r equ i r e s  
a given set  of cons tan ts  and 
tares i n  o rde r  t o  compute. 

Free-stream dynamic pressure 
lb / f t2  

Free-stream v e l o c i t y  f t /sec 

Reynolds No. x based on 
a re ference  l eng th  of 0.7058 
f t .  (Th i s  i s  the maximum 
diameter of the command module 
model) 

Corrected phase angle  between 
d r iv ing  torque and model d i s -  
placement. Values near  90" 
and 270" i n d i c a t e  v e l o c i t y  
resonance. 

Mach No. Free-stream Mach number 
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Column 
Heading 

AOS 

AOA 

FREQ 

K 

CMQ 

CMA 

CNR 

CNB 

A. TABULATED DATA FORMAT - continued 

Item Def in i t ion  o r  Remarks - 
Angle of S ides l ip  Mean angle  of s ides l ip ,  

degrees. 

Angle of Attack Angle of a t t a c k  of the s t i n g  
mechanism, degrees.  

Frequency Frequency of the  forced 
o s c i l l a t i o n  cycles/sec. 

Reduced Frequency Reduced-frequency parameter. 
Parameter 

Cmq + Cm& Damping-in-pitch parameter 

C m a -  ~~2crng Osc i l l a to ry  long i tud ina l  
ctqh.11 -t t . 7  - n - c l m n t ~ -  
U V U U I I I  UJ ~ U A a L l A G  U S A  

Cnr - Cni COS a o  

Cn# cos a0 + @Cn? 

Damping-in-yaw parameter 

Osc i l l a to ry  d i r e c t i o n a l  
s t a b i l i t y  parameter 

Note: See T e s t  Nomenclature f o r  d e f i n i t i o n  of s t a b i l i t y  
parameters. 
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Run 
7 No. Configuration 

- 

B. RUN INDEX 

900 
Mach No. Angle Range * R N x ~ O ' ~  PSF 

1. C - Entry 2.40 158" t o  134" 1.58 498 

3.96 158" t o  134" 2.09 439 
4.65 158" t o  134" 2.69 441 
2.98 158" t o  134" 1 .68  454 
3.96 158" t o  134" 1.08 226 
4.65 158" t o  135" 1.07 175 
4.65 158" t o  134" 3.39 556 

- 2.40 158" t o  134" 1.05 131 
2.40 -16" t o  +8" 1.58 497 

2.98 -16" t o  +8" 1.67 452 
3.96 -16" t o  +8" 2.09 439 

# 2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. ET,2GTanks On 

2.98 -8" t o  +8" 1.67 452 
3.96 -8" t o  +8" 2.09 439 

2.40 -16" t o  +8" 1.58 498 

2.98 -16" t o  +8" 1.67 452 
3.96 -16" to +8" 1.73 363 

3.96 158" t o  134" 2.09 439 

2.98 158" t o  134" 1.67 452 

(Command Module) 

4.65 -16" t o  +8" 2.69 441 
\ 2.40 -4" t o  +4" 1.58 498 

1 
(Launch Escape Sys. ) 

1 

.1 

10. 
11. 
12.  
13. EjT,zC- Tanks  O f f  

14.  
15. 
16. 

18. C - E x i t  

19  
20. 
21. 
22. C - Entry 

23. 
24. 
25. 

(Lauiich E S C Z ~ ~  S ~ S .  j 

4.65 -8" t o  +8" 2.69 441 
4.65 -8" to +8" 1.07 175 1 17. 

( Command Module ) 

4.65 -16" t o  +8" 2.29 

4.65 158" t o  134" 2.69 441 I 2.40 158" t o  134" 1.58 498 

(Command Module) 

Note: 1. Runs 1-21 o s c i l l a t e d  i n  p i t c h  
2.  Runs 22-25 o s c i l l a t e d  i n  yaw 
3. Reynolds numbers based on maximum model diameter 
4. A l l  quoted values are nominal 

A-4 
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( c )  H = 3.96. 

Figure L) .- Continued. 

(Run. 2 and 5. )  
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(d) M 1  4 . 6 5 .  (Bun8 3 .  6 , m d  7 . )  

Figure 4 . - Concluded. 
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0 - 16 -12 -8  -4 0 4 8 I2 -16 20 
Sting angle of attack,AOA,deg 

1 I I I I 1 I 1 1 I 
-24 -20 -16 -I2 -0 -4 0 + 4  + 8  + I 2  

Meon angle of attock of the model ,a ,deg 

( a )  M = 2.40; R = 1 . 5 8  x lo6.  (Runs 9 and 1 3 . )  

F i g u r e s .  - Variation of t h e  damping-in-pitch parameter, t h e  o s c i l l a t o r y  long i tud ina l  
s t a b i l i t y  parameter. and t h e  reduced frequency parameter wi th  ang le  o f  a t t e c k  
for  t h e  launch escape  configuration.  (Data from runs 9 through 1 7 . )  

Ihe flagged symbols ind ica te  data taken at f = 6.00 cpa. 
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Mean angle of attack of the model,a,deg 

(b) M I  2 . 9 8 ;  R = 1.67 x lo6. (Runs 10 and 14.) 

Figures .- continued. 
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Memi angle of attack d the rOdel,a,deg 

( c )  I4 = 3.96; E = 2.09 I lo6. 

YYU....YBG. 

(Runs 11 and 15. )  

?f@=* 5 . - c ̂- .I- . .  
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Mean angle of attack of the modella ,deg 

(d) W =  (r.65. (Rune 12.  16, and 17.) 

Figure 5 .  - Concluded. 
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Figure G .- Variation of t h e  damping-in-pitch p u u t u .  t h e  oscillatory longitudinal 
a t a b i l i t y  p a r u t q r ,  and the  reduced frequency parameter with Angle of  attack for 
the -1. with pointed end forward.'C"(D.ta from rune 18 through 2 1 . )  
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Angle of attack of the modd,a,deg 

F i g u r e 7  .- Variation of tht  damping-in-yaw paramtter, the osc i l la tory  dirtct ional  
s t a b i l i t y  parameter. and the  reduced frequency parameter with angle of attaLk 
for the entry configurationfC7D.t. from runs 22 through 2 5 . )  
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